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論 文 内 容 要 旨          
 In order to prevent the mine pollution caused by the acid mine drainage (AMD) from 
abandoned metal mines in Japan, treatment of AMD is conducted with neutralization 
using high amount of reagents, and the treatment cost is up to 3 billion Yen per year. So 
far, various streamlining methods have been used for cost reduction. However, obvious 
progress has plateaued in recent years, and a breakthrough technology for reducing 
AMD treatment cost should be needed. In overseas, a new treatment process using 
sulfate-reducing bacteria (SRB) is being put into the practical use. However, the 
hydraulic retention time (HRT) required for the treatment is very long from about 1 week 
to 10 days, and a vast land area is required for treating a large amount of AMD, so these 
are some issues in applying this process in Japan. Given that, in this study, the technique 
of treating AMD in more efficient was examined, and its feasibility of applying to AMD 
treatment in Japan was assessed on the basis of the results obtained from the 
examination. This PhD thesis is comprised of the following six chapters. 
Chapter 1 described the background and the purpose of the present study, and it 
describes the structure of this paper. 
In Chapter 2, the feasibility of applying to AMD treatment at HRT 50 hours of the 
reactor filled with rice husk and composted bark containing with cow manure was 
examined by using a continuous test using a column. In specific terms, when passing 
AMD of approximate pH 3 in the column at HRT 50 hours, it was found that sulfate 
reduction by SRB occurred in the column. Those reactions were also found at room 
temperature and at low temperature conditions (15°C), which showed that AMD 
treatment is possible at even short HRT compare to previous studies in overseas. In 
reality, the zinc contained in AMD is removed in the column over 140 days at the room 
temperature as shown in Figure 1, and removal of zinc continued for about 30 days at 
low temperature. In a low temperature, generation of low-molecular organic material in 
the reactor may be not sufficient, which could have slowed down the treatment. 
Therefore, as an improvement measure, filling the organic matter that is easily 
decomposed by microorganisms even at low temperatures was proposed.  
 
Fig.1 Comparison of Zn concentration about column effluent 
In Chapter 3, it is cleared that adding rice bran as easily decomposable organic 
material to the process which was discussed in Chapter 2 drastically improves 
treatability. It was found that other than rice bran also, by filling the easily degradable 
organic matters, SRB based treatment continues for long-term in a stable matter 
especially under short HRT conditions in a low temperature. Specifically, when rice bran 
is filled, for over 600 days, sulfate ion reduction occurred in the column as shown in 
Figure 3, and metal removal from mine drainage continued without any maintenance.  
 
Fig.2 Changes of ORP of column effluent at low temperature 
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As its ingredients, rice bran has high content of protein, fat, and starch. It has been 
presumed that these are decomposed by microorganisms even in the short HRT, which 
supplies low molecular organic matters to SRB.  
In Chapter 4, a continuous test under conditions that are close to the natural 
environment in AMD treatment facilities of an abandoned mine was conducted as a case 
study, and the treatability of AMD with this process was examined. Besides, in addition 
to chemical analysis, floral analysis of the column was conducted and the details on the 
basis of metal removal mechanism were studied. In relation to the iron contained in mine 
drainage, the iron-oxidizing bacteria based process as the pre-treatment of the SRB 
based process was studied, and it was found that ferrous ions are oxidized at HRT 2.5 
hours as shown in Figure 3. In the SRB based process, sulfate ion reduction continued 
for over 800 days as shown in Figure 4, and it was found that metal removal also 
continues. Temperature inside the column fell to about 5°C in winter however, metal 
removal continued in a stable manner. From microbial analysis of the column, it was 
presumed that bacteria that decompose rice bran and SRB changes according to the 
season and the number of days of passing the water. Besides, diverse microorganisms 
were detected from the respective sample, which proved that rice bran decomposed in a 
stable manner even in the environment with fluctuating temperatures, and SRB based 
sulfate ion reduction continued. Issues in the practical implementation of this process 
are residue of excess hydrogen sulfide ions in the post treatment water and high COD 
value in the post water. With regard to these points, it is necessary to study low-cost 
secondary treatment process keeping in mind the practical implementation. 
 
Fig3. Changes of concentration of ferrous ion, effluent of iron oxidizing bacteria 
0
10
20
30
40
50
0 200 400 600 800
F
e
2
+
(m
g
/L
)
day
raw water effluent
In Chapter 5, the possibility of introducing the SRB based process to AMD treatment 
is considered from mainly three points. In specific terms, these are standpoint of scale of 
facilities, water quality of the water to be treatment, and implementation and 
operational costs. From the standpoint of scale of facilities, for treating 100 L/min AMD 
at HRT 50 hours, area of about 400 m2 is required. This is extremely compact compared 
to overseas studies, and it is thought that this is practically possible in the domestic 
AMD treatment facilities. From the standpoint of water quality of mine drainage, it is 
thought that by setting screening conditions from the test results obtained so far and by 
doing screening, it should be possible to apply this process to about half of mine drainage. 
From the standpoint of introduction and operational costs, it is estimated that it will cost 
about 5 Million Yen for constructing the facilities required process 100 L/min of mine 
drainage, and as for the operational cost, it was estimated that there is a possibility of 
significantly reducing cost of sourcing the chemicals, electricity charges, and facilities 
repair and maintenance cost. In the model mine, it was demonstrated that it is possible 
to amortize the implementation cost in a short period of time. 
In Chapter 6, the results, obtained in previous chapters from 2 to 5, were summarized 
in the form of conclusion. 
As shown above, the present study showed that the SRB based process would allow 
efficient mine drainage treatment, and the theoretical examination showed that this 
process can be applied to many drainage treatment facilities in Japan. Once the issues 
in the implementation are cleared, by actually implementing the process, achieving 
significant reduction in costs incurred on mine drainage treatment can be expected.  
 
Fig.4 Changes of sulfate ion and sulfide ion of effluent 
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（別紙） 
 
論文審査結果の要旨及びその担当者 
 
論文提出者氏名  濱井 昂弥 
論 文 題 目       E  硫酸還元菌を用いた鉱山坑廃水処理技術の効率化に関する研究 
論文審査担当者 
 主査  教 授      土屋範芳     
     教 授      井上千弘       教 授     駒井 武    
  
 
論文審査結果の要旨 
 
 本邦には，非鉄金属等を採掘した休廃止鉱山が多数存在しており，これらの休廃止鉱山の坑道，鉱石，選鉱廃滓
などから有害金属を含有する酸性坑廃水が継続して発生し，対策を必要としている．これらの休廃止鉱山の酸性坑
廃水は，いわば鉱山開発の負の遺産として永続的な対策を必要とし，その費用，管理，および未来永劫にわたる対
策体制が必要で，大きな社会的負担となっている．近年，自然治癒力を利用した酸性坑廃水処理技術が進展してき
ているが，諸外国で実施されている例は，広大な敷地や長い処理年月を必要としており，本邦での適用については
より効率的な技術開発が望まれていた．本研究は，硫酸還元菌を用いての酸性坑廃水の効率的処理技術にまとめた
もので，全編６章よりなる． 
 第1章は緒論であり，硫酸還元菌を用いた坑廃水処理技術の現状をまとめ，本研究の目的を述べている． 
第 2 章は，室内カラム試験により硫酸還元菌を用い室温条件での硫酸イオンの還元と，金属元素の析出挙動につ
いて明らかにし，もみがらおよび牛ふん入りパーク堆肥を充填したカラムで滞留時間50時間程度で硫酸イオンの還
元が生じることを明らかにし，このカラムは連続 140 日の連続操業も可能であることを見いだしている．これは本
研究の基礎をなす優れた成果である． 
第 3 章は，低温環境での効率的な安定処理を行うために，易分解性有機物をリアクターに充填することを試み，
有効性のある易分解性有機物を探索している．その結果，米ぬかが優れた性能を有していること明らかにしている．
米ぬかは，タンパク質，脂肪，でんぷんを多く含み，それらが短時間で硫酸還元菌に分解される．一方，もみがら
はそれらの成分を含まないが，セルロース等の繊維分がリアクターの構成機材として機能していると推定され，米
ぬかともみがらを用いることにより，効率的な反応が維持できることを明らかにしている．600日程度で米ぬかの炭
素成分はほぼ消費し尽くされ，リアクターの効率も低下するが，再び米ぬかを加えることで反応性が復活すること
も明らかにしている．また，硫酸還元菌の種類や属性，米ぬかの消費の物質収支などを解析し，リアクター内の反
応カニズムについて考察している．これは，実操業を行う上できわめて重要な成果である． 
第 4 章は，もみがら，米ぬかを充填したリアクターを酸性坑廃水を対象として現地連続試験を実施した結果をま
とめている．実際の酸性坑廃水には，多量の鉄が含まれているため，前段に鉄酸化細菌を用いて鉄イオンを除去す
るプロセスを設け，硫酸還元菌の活性が維持できるようにした．夏期は 25℃を越え，冬期は 5℃程度まで温度低下
するが，いずれの条件でも硫酸イオンの還元は確認され，年間を通じて安定した酸性坑廃水の処理ができることを
実証した．連続試験は 800 日に及んだが，良好な結果を示し，またより長期の操業も行える見通しを得ることがで
きた．これはきわめて大きな成果である． 
第 5 章は，プラント規模，コストなどの検討し，国内坑廃水処理への適用可能性について評価している．設備規
模と建設コスト，維持管理にかかる費用を評価し，初期投資をきわめて早く回収でき，その後の安定操業が可能で
あることを見いだしている．本プロセスの実用化のための不可欠な評価を行い，良好な結果を得ている． 
第6章は，結論である． 
 
以上要するに．本論文は，硫酸還元菌を利用した酸性坑廃水の処理技術の開発を行い，安定的，効率的でかつ低
コストで連続操業可能な処理プロセスを考案し，その現場実証試験に成功し，環境科学の発展に資するところが少
なくない． 
よって，本論文は博士(学術)の学位論文として合格と認める． 
 
    
